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fold. Separate lines connected to the manifold distribute
the liquid anhydrous ammonia to nozzles associated
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ering the temperature of the ammonia in the expansion
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drous ammonia in the heat exchanger to thereby main-
tain the ammonia in the liquid state. Lines carry the
ammonia from the expansion chamber to nozzles associ-
ated with earthworking tools to incorporate the ammo-
nia into the soil.
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METHOD AND APPARATUS FOR CONTROLLING
AND MONITORING NH;3

* BACKGROUND OF INVENTION

Nitrogen is one of three essential chemicals needed
for plant growth. Anhydrous ammonia, NH3, contains a
high percentage, 82% by weight, of nitrogen that is in
available form for utilization by plants, as corn and the

like. It is current agricultural practice to inject anhy-

drous ammonia into the soil with an implement havmg
a“plurality of knived injectors. Anhydrous amimonia
being a liquid under pressure has a relatively low boil-
ing point, making the NH; difficult to measure and

‘control. In practice, the rate of application of NHz can °

vary up to 15% between the time the injection is started
with a full anhydrous ammonia tank and the time the
injection is completed. The variation in application rate
is caused by temperature changes inside the tank as it is
emptied. A second factor affecting the application rate
of NHj is the ground speed of the implement. Varymg
soil conditions, field terrain, and types of tillage equip-
ment all affect the towing vehicle’s ability to maintain a
constant ground speed.’ The combined temperature
variations and ground speed variation can ‘cause 20% to
40% error in injection application of NH3. The lack of
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effective control and measurement of the application .

rate of NHj results’in either an over-application or lun-
der-application of the NHzinto the soil. This is an ineffi-
cient utilization of the NH4 and can cause substantial
reductions in crop yields.

SUMMARY OF. INVENTION

" The invention is directed to a method and apparatus

;for controlling the application of ;anhydrous ammonia
into soil to compensate for the variables in temperature
and ground speed of the vehicle towing the NH3 inject-
ing 1mplement The rate of flow of llquxd anhydrous
ammonia is controlled and monitored in a manner to
achieve a desired ammonia soil mcorporat10n rate. The
NHiin the nurse or storage tank is in a liquid state under
pressure at its boiling point. As liquid NH3 is taken from
the bottom of the tank, pressure drops caused by valves,
couplers, and hoses produce vapor and reduce its tem-
perature. When thé NHj reaches the mjector nozzles,
there is considerable amount of vapor in the line. Con-
ventional flow ‘meter, regulators, and pumps do not
have the ability to compensate for this vapor. The appa-
ratus and ‘method of the invention utilizes a heat ex-
changer operable to eliminate the vapor problem. The
heat exchanger maintains the temperature of the NH3 at
a level whereby the NHj is a liquid. The liquid NHj is
delivered to a flow control valve means having a flow
meter valve operable to regulate the rate of flow of
liquid NH3. The liquid NH;3 flows to a manifold and
through suitable hoses to injector nozzles with a mini-
mum of drop in the pressure. This insures an accurate
measurement of all of the NHj3 being applied without
affecting the distribution characteristics of the applica-
tor.

In addition to the accurate measurement of the liquid
NHj, it is important to control the amount of NH3 being
applied. The flow control valve means associated with
the heat exchanger has a flow sensing means to sense
the rate of flow of the liquid NH3 through the flow
control valve means. The sensing means produces sig-
nals which are utilized to produce an output signal
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2

providing the operator with a visual indication or data
relative to the NHj application rate.

IN THE DRAWINGS ‘ v
FIG. 1is a plan view of an anhydrous ammonia fertil-

[izer injecting implement . equipped with the ammonia

control and monitoring apparatus of the invention;

FIG. 2 is a perspective view of the anhydrous ammo-
nia control and monitoring apparatus of the invention;

FIG. 3 is a perspective view. of the heat exchanger
and flow control valve of the apparatus of FIG. 2;

FIG. 4 is an enlarged sectional view taken along the
line 4—4 of FIG. 3;

FIG.5isa sect10na1 view taken along the line 5—S5 of
FIG. 4;

FIG. 6 is a sectional view taken along the line 6—6 of
FIG. 4;

FIG. 7 is an enlarged longltudmal sectlonal view of
the flow: meter and flow control valve of FIG. 3;

FIG. 8 iis a sectional view taken along the line 8—8.of
FIG. 7; and

FIG. 9 is a sectional view taken along the line 9—9 of
FIG. 7. .

'DESCRIPTION OF PREFERRED EMBODIMENT

Referring to the drawing, there is shown in FIG. 1.a
liquid; fertilizer injecting implement indicated generally
at 10.connected to a vehicle 11, such as an agricultural
tractor. Implement 10 has a frame 12 supported above
the: ground with a pair of wheels 13 and 14. A large tank
16 accommodatmg liquid fertilizer, such as anhydrous
ammonia, is mounted on frame 12. A transverse beam 17
is. pivotally connected to the rear portions of frame 12
with a pair of pivot pins 18 and 19. Wheels 21 and 22
support the outer ends of beam 17 above the ground. A
transverse tool bar 23 is located behind beam 17. A
plurahty of rearwardly directed arms 24 secure tool bar
23 to beam .17. A plurality of earthworking tools
26A-26F are laterally spaced. along the length of the
tool bar. 23 and secured thereto ;with clamps 27A-27F.
The earthworkmg tools  26A-26F each have a loop
spring shank having a lower end connected to a knife
adapted to cut into the soil. An example of implement

.10 is shown in U.S. Pat. No..3,608,645.. Other types of

liquid fertlllzmg injecting implements may be employed
with the apparatus for controlling and measuring the
application rate of anhydrous ammonia injected into the
soil of the invention indicated generally at 28. Appara-
tus 28 is;useable with all types of anhydrous ammonia
applicators.

As shown in FIGS. 1 and 2, apparatus 28 includes a
heat exchanger indicated generally at 29 connected to a
lxquld anhydrous ammonia carrying inlet hose 31. Hose
31.is joined to a cap 32 mounted on top of tank 16. The
cap 32 is connected to a downwardly directed pipe (not
shown) leading to the bottom of tank 16 so the pressur-
ized liquid NH3 will flow from tank 16 through hose 31,
heat exchanger 29, control valve 34, manifold 43, and
nozzle 48, which injects the NHj into the soil. A manu-
ally operated shut-off valve 33 is located in line 31 adja-
cent cap 32. Valve 33 has a manually operated lever
which can be moved between open and closed positions
to control the flow of liquid NHj in hose 31. When
valve 33 is in the closed position, the flow of liquid
NHj3 in hose 31 is stopped.

A flow control valve unit mdlcated generally at 34.is
connected with a short nipple 35 to.the outlet of heat
exchanger 29. Valve unit 34 is operable to regulate the
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rate of flow of liquid NHj3 from heat exchanger 29 to a
manifold 43. Valve unit 34 also functions to sense the
rate of flow of liquid NH3 flowing to manifold 43. A
control console indicated generally at 36 mounted on
tractor 11 is connected with electrical cable having lines
37 and 38 to flow valve unit 34. The control console 36
has an electrical circuit operable to provide visual data
of the application rate of liquid NH3. Console 36 has a
manually operated on-off switch or servo-control 40 to
control the operation of the flow control valve unit 34,
as hereinafter described.  The flow control valve unit
can be automatically controlled with a micro-processor
utilizing input data from the speed of the implement or
towing vehicle and the sensed flow rate. The details of
the automatic control console 36 and its functions are
disclosed in co-pending application Ser. No. 405,323,
filed Aug. 5, 1982. This application is incorporated
herein by reference.

The liquid NHj flows from valve unit 34 through a
pipe or hose 39 to a shut-off valve 40. Valve 40 has a
solenoid 41 operably connected with lines to control
console 36 which has suitable switches for controlling
the operation of solenoid 41. The operator of vehicle 11
can operate the switch on console 36 to selectively open
and close the shut-off valve 40. A pipe or hose 42 carries
liquid NH3 from valve 40 to a manifold 43. Manifold 43
is a cylindrical housing having a chamber that distrib-
utes the liquid NH3 to a plurality: of tubular lines or
hoses 44, 45, 46, and 47, which’ extend to ‘nozzles 48
attached to the backs of the lower ends of tools ‘26B,
26C, 26D, and 26E. A pair of tubular lines or hoses 49
and 50 are connected t6 opposite sides of manifold 43
and to the inlet end of heat exchanger 29. Lines 49 and
50 carry liquid NH3from manifold 43 to heat exchanger
29. This liquid NHj serves as a refrigerant to: cool ‘thé
primary liquid NH3 flowmg through the heat exchanger
29.

A second pair of tubular lines or hoses S5Tand 52' lead
from the outlet end of heat exchanger 29 to thé nozzlés
on the lower ends of tools 26A and 26F. Lines 51'and 52
are connected to a T-coupling 53 secured to the outlet
end of heat exchanger 29.

Heat exchanger 29, shown in FIGS: 3, 4, 5, and 6, has
an elongated cylmdncal casing 54‘having opposxte ends
mounted on a first ‘énd member 56 and a second end
member 57 Casing 54-is a cylindrical metal tube having

a continuous cylindrical wall. Casing 54 is connected to

a frame support 61 with a pair of mounts 58 and 59.
Mount 58 has an end flange 62. A pair of bolts 63 se-
cures flange 62 to end member 56. An inverted U-
shaped band 64 extended-over casing 54 is attached to
mount 58 with a pair of nut and bolt assemblies 66.
Second mount 59 has an upright end flange 67 attached
with bolts (not shown) to end member 67. An inverted
U-shaped band 69 extended over casing 54 is attached to
mount 59 with a plurality of nut and bolt assemblies 73.
Nut and bolt assemblies 72 and 73 secure mounts 58 and
59 to frame support 61.

Referring to FIGS. 4 and 5, a pair of concentric inner
and outer sleeves 74 and 76 are located within casing 54.
Sleeves 74 and 76 have elongated cylindrical walls of
heat conducting metal, such as aluminum. End member
56 has an inner annular stepped shoulder 77 accommo-
dating the right end of the inner sleeve 74. End member
56 has a second or outer annular stepped shoulder 78
located radially outwardly of the shoulder 77 accom-
modating the right end of outer sleeve 77. Second end
member 57 has an‘inner annular stepped shoulder 79
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accommodating the left end of sleeve 74 and a second or
outer annular shoulder 81 accommodating the left end
of outer sleeve 76. Shoulders 77 and 79 support inner
sleeve 74 concentrically with respect to casing 54 and
define a central cylindrical passage 82. Shoulders 78 and
81 support outer sleeve 76 concentrically with respect
to casing 54 and inner sleeve 74. Outer sleeve 76 is
spaced radially inwardly from casing 54 and forms
therewith a cylindrical passage 83. End member 56 has
an inlet port 84 open to the right end of cylindrical
passage 83. Port 84 has threads accommodating a nipple
or connector 86 joined to the inlet hose 31. End member
57 has a transfer passage 85 that joins the left end of the

cylindrical passage 83 to central passage 82. The liquid

NH; flowing from hose 31 enters the right end of cylin-
drical passage 83 and flows the length of the passage 83,
as shown by arrows 134, to transfer passage 85 open to
the left end of central passage 82. The liquid NHj3 flows
along the -length of central passage 82, as shown by
arrows 136, to an outlet port 87 accommodating nipple
35 joined to flow control valve unit 34.

. Sleeves 74 and 76 are concentrically’ disposed with
respect to each other and are radially spaced from each
other to. provide a cylindrical chamber 88 extended
from end .member 56 to end member. 57. The inner
surface of sleeve 74 forms the wall of central passage 82.
The outer surface of sleeve 76 forms the inside wall of
cylindrical passage 83. Sleeves 74 and 76 have large
cyhndrlcal surfaces that contact the liquid NH3 flowing
in passages 82 and 83. This _permits an effective and
efficient transfer of heat from the liquid NH3 in passages
82 and 83 to the fluid in chamber 88.

Referring to FIG., 6; end member 56 has a pair of inlet
ports 89 and 91 open to the right end of cylmdncal
chaniber 88." A nipple 92 connected to hose 50 is
threaded into port 89 to prov1de a passage. from line 50
to chamber 88. A second nipple 83 is threaded into the
port. 91 to provide a passage from the line 49 to chamber
88.

Returning to FIG 4, the end member 57 has a cen-
trally located. outlet port 94 accommodating T-coupling
53. Port 94 is operi to the left end of chamber 88 to allow
NH3 to flow from chamber 88 into coupling 53 and lines
51 and 52 leading to the injector nozzles associated with
the earthworkmg tools 26A and 26F. The NH3in cham-
ber 88 i is at low pressure as lines 51 and 52 are open at
the nozzles to atmospheric pressure. This lowering of
the pressure of the NHj causes the liquid NH3 to change
state to gaseous "NH3, causing a marked reduction in
temperature of the fluid in chamber 88. This cools the
NHj in passages 82 and 83, since there is heat transfer
through sleeves 74 and 76.

" End members 56 and 57 are held in operat1ve clamp-
ing relation with respect to casing 54 and inner and
outer sleeves 74 and 76 with an elongated rod 96 located
in chamber 82. Rod 96 extends through a hole 97 in end
member 57 and is threaded into a threaded bore 98 in
end member §6. A nut 99 located in outlet port 94 and
threaded on rod 96 holds the end members 56 and 57 in
assembled relation with casing 54 and inner and outer
sleeves 74 and 76.

Referring to FIGS. 7, 8, and 9, valve unit 34 has an
elongated housing or body 101 having a linear passage
102. A butterfly valve 103 located in passage 102 is
operable to control the rate of the flow of liquid NH3
through passage 102. Butterfly valve 103 comprises a
vertical shaft 104 supporting a circular disc 106. A plu-
rality of screws 107 secure disc 106 to shaft 104. As
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shown in FIG. 8, disc 106 has an outer peripheral edge
that is located in close relationship to the inside wall of
passage 102 to restrict the flow of liquid NH3 through
passage 102. As shown in FIG. 9, shaft 104 and disc 106
can be rotated to an open position, as shown in dotted
lines, to increase the rate of flow of liquid NHj3 through
passage 102. The lower end of shaft 104 is located in a
recess 108 in body 101. The upper end of shaft 104
extends through a hole 109 in body 101. A power con-
trol, indicated generally at 110, is operable to rotate
shaft 104 and thereby adjust the position of disc 106
relative to passage 102.

As shown in FIG. 7, power control 110 includes a
gear head motor 111 mounted on a platform 112. Plat-
form 112 is positioned above a base 113 with a plurality
of upright posts 114. The posts 114 accommodate bolts
1135 that secure platform 112 to base 113. A plurality of
bolts 116 secure the base to body 101. Gear head motor
111 has a reversible electric motor 117 and a gear box
118. Gear box 118 has a drive shaft 119 axially aligned
with shaft 104. A collar 121 accommodating a set screw
122 drivably connects the drive shaft 119 to the upper
end of the valve shaft 104 whereby, on operation of the
electric motor 117, the gear box 118 functions to rotate
valve shaft 104, thereby adjusting the valving position
of disc 104 in passage 102. The gear head motor 111 is
enclosed within a box-shaped cover 123. A plurality of
screws 124 secure the cover 123 to base 113.

As shown in FIGS. 7 and 9, a liquid NH3 flow sensor
indicated generally at 126 is located upstream of the
butterfly valve 103. Flow sensor 126 has a generally flat
impeller 127 having outwardly directed curved fingers
and one or more magnets, as shown in FIG. 7. The
impeller 127 is rotatably mounted on a transverse shaft
128 with bearings 129. Shaft 128 has an end located in a
recess 131 in body 101 and an end extended through a
hole 132 in body 101. A sensor unit 133 is mounted on
a lateral boss 134 of body 101. Sensor unit 133 is opera-
ble to sense the speed of rotation of the impeller 127.
Impeller-127 has one or more magnets. Sensor unit 133
has a coil that produces an electrical current in response
to rotation of the impeller magnets. This current is
proportional to the rate of flow of liquid anhydrous
ammonia in passage 102. Sensor unit 133 can be a Hall
effect switch, which provides an electrical signal that is
proportional to the speed of rotation of impeller 127.
Sensor unit 133 can have a read switch operable with
magnets in the impeller to control the flow of electrical
current in a manner to indicate the rate of flow of liquid
anhydrous ammonia in passage 102. Alternative sensing
means, as an optical coupler and a variable reluctance,
can be used in the sensor unit 133 to provide a signal
proportional to the rate of flow of liquid anhydrous
ammonia in passage 102. The signal from sensor unit
133 is transferred to line 137 to control console 36.
Console 36 has an electrical circuit, including digital
read-out components, which provides the operator with
visual data of the rate of flow of liquid anhydrous am-
monia through valve unit 34. The flow rate can be
adjusted by operation of the manual servo-control 40,
which controls the gear head motor 111 and the posi-
tion of butterfly valve 103,

In use, anhydrous ammonia is pressurized in tank 16
to provide a source of liquid NHj. The shut-off valve 33
is closed to confine the pressurized liguid NHj3 to tank
16. During the injection operation, shut-off valve 33 is
opened to allow liquid NHj3 to flow via hose 31 into the
inlet port 84 of heat exchanger 29. The liquid NH3 flows
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through cylindrical passage 83 and into passage 82, in
the direction of arrows 134, shown in FIG. 4. Liquid
NHj flows in passage 83 to end member 57 and through
transfer passage 87 into central passage 82. The liquid
NHj flows in passage 82, as shown by arrows 136, to
outlet port 87 to nipple 35 into flow valve unit 34. The
flow of liquid anhydrous ammonia from port 84 to port
87 can be reversed. In other words, inlet hose 31 can be
connected to port 87 and nipple 35 can be connected to
port 84, whereby liquid anhydrous ammonia flows into
central passage 82, through transfer passage 85, and
cylindrical passage 83 to port 84. During the flow of
liquid NHj through cylindrical passage 83 and central
passage 82, it flows around the concentric sleeves 74
and 76. Chamber 88 functions as an expansion chamber
for the NH3 delivered to chamber 88 via the lines 49 and
50. The expansion of the NHj3 in chamber 88 is caused
by the reduction of pressure of the NH3. There is a
partial change of the phase of the NH3. Some of the
liquid NH3 is. changed to vapor NH3. The result is a
lowering of the temperature of the NH3. The walls of
the sleeves 74 and 76, being of a heat conductive mate-
rial, such as aluminum, transfer heat from liquid NH3 in
cylindrical passage 83 and central passage 82. This re-
sults in maintaining the liquid NH3 in passages 82 and 83
below its boiling point. Ammonia from expansion
chamber 88 flows through the T-coupling 53 and lines
51 and 52 to the nozzles associated with the earthwork-
ing tools 26A and 26F where it is introduced into the
soil. ~- "

“The rate of flow of liquid NHj3 from heat exchanger
29 is controlled by the flow valve unit 34. Butterfly
valve 103 is angularly adjustable, as indicated in FIG. 9,
to control the rate of flow of liquid NH3 in passage 102.
Gear head motor 111 is operable to change the position
of the butterfly valve 103 and hold the butterfly valve
103 in an adjusted position. The control console 36 has
manually actuated switch 40 that is operable to control
the flow of electrical power to motor 117 and thereby
operate the butterfly valve 103. The control console 36
can have automatic controls that are responsive to the
ground speed of the tractor 11 and the sensed flow rate
of liquid NHj3 flowing through the passage 102 to adjust
the ‘valve 103:so that thé desired amount of NHj3 is
injected into the ground. The impeller 127 rotates in
response to the rate of flow of the liquid NHj in passage
102. The sensor 133 is responsive to the speed of rota-
tion of impeller 126 to provide a signal that is transmit-
ted to control console 36. This signal is used in conjunc-
tion with a ground speed signal and a memory circuit of
a micro-processor to provide an output signal for con-
trolling the gear head motor 111 thereby adjusting the
position of butterfly. valve 103.

‘While there is shown and described an apparatus and
method for controlling the application of anhydrous
ammonia of an ammonia applicator, it is understood that
changes in the structure, materials, and arrangement of
parts may be made by one skilled in the art without
departing from the invention. The invention is defined
in the following claims.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. An apparatus for use with an implement having
means to incorporate anhydrous ammonia into the soil
and a tank for storing liquid anhydrous ammonia to
control the rate of application of anhydrous ammonia
into the soil comprising: heat exchanger' means having
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first passage means for carrying liquid anhydrous am-
monia and second passage means separated from the
first passage means for carrying anhydrous ammonia,
line means connecting the heat exchanger means to the
tank to provide a supply of liquid anhydrous ammonia
to said first passage means, valve means connected to
the heat exchanger to receive liquid anhydrous ammo-
nia from the first passage means of the heat exchanger,
said valve means having means to control the rate of
flow of liquid anhydrous ammonia, first means to carry
controlled flow of liquid anhydrous ammonia from the
valve means to the means to incorporate said ammonia
into the soil, second means connected to the first means
for carrying part of said ammonia to said heat ex-
changer means and delivering said ammonia to the sec-
ond passage means, said ammonia in said second passage
means at least partially changing from a liquid to a
vapor, thereby lowering the temperature of the ammo-
nia in the second passage means and transferring heat
from the ammonia in the first passage means to said
ammonia in the second passage means so as to maintain
the ammonia in the first passage means in a liquid state,
and means to carry said ammonia from the second pas-
sage of the heat exchanger means to means to incorpo-
rate said ammonia into the soil.

2. The apparatus of claim 1 wherein: said heat ex-
changer means has an outer tubular casing and a pair of
sleeves located within said casing, said sleeves being
spaced from each other to form said second passage

means, said first passage means being formed by the

casing and said sleeves.

3. The apparatus of claim 1 wherein: said heat ex-
changer means has an outer tubular casing having first
and second ends, a first end member mounted on the
first end of the casing, a second end member mounted
on the second end of the casing, first and second sleeves
located within said casing, said second sleeve being
spaced from the first sleeve to provide said second pas-
sage means, said casing and first and second sleeves
providing said first passage means, and means securing
the end members to the casing and first and second
sleeves.

4. The apparatus of claim 3 wherein: said first passage
means comprises a cylindrical passage located between
the outer casing and the first sleeve and a central pas-
sage surrounded by the second sleeve, and said second
end member having a transfer passage connecting the
cylindrical passage with the central passage.

5. The apparatus of claim 4 wherein: said first end
member has a first inlet port open to the cylindrical
passage to allow the liquid anhydrous ammonia to flow
into the cylindrical passage and a first outlet port open
to the central passage whereby the liquid anhydrous
ammonia flows through the cylindrical passage, transfer
passage, and central passage, a second inlet port in the
first end member open to the second passage means
between the sleeves, a second outlet port in the second
member open to the second passage means between the
sleeves whereby anhydrous ammonia flows through the
second passage means and heat is transferred from the
ammonia in the first passage means to the ammonia in
the second passage means, thereby cooling said ammo-
nia in the first passage means.

6. The apparatus of claim 4 wherein: said means se-
curing the end members to the casing includes a rod
located in the central passage, and means securing the
rod to the end members.
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7. The apparatus of claim 3 wherein: the casing has an
elongated cylindrical wall, said sleeves being cylindri-
cal sleeves located concentrically with respect to said
cylindrical wall.

8. The apparatus of claim 7 wherein: said first and
second end members have annular shoulders, said
sleeves having ends engageable with said annular shoul-
ders to support the sleeves on the end members.

9. The apparatus of claim 8 wherein: said means se-
curing the end members to the casing and sleeves in-
clude a rod located in the central passage, means secur-
ing the rod to the end members to hold the sleeves in
engagement with said annular shoulders.

10. The apparatus of claim 1 including: shut-off valve
means located in the line means connecting the heat
exchanger means to the tank operable to cut off the
supply of liquid anhydrous ammonia to said heat ex-
changer means.

11. The apparatus of claim 1 wherein: said first means
to carry controlled flow of liquid anhydrous ammonia
from the valve means includes a manifold, first line
means connecting the manifold to said valve means for
carrying the control flow of liquid anhydrous ammonia
from the valve means to the manifold, and second line
means connected to the manifold to carry liquid anhy-
drous ammonia to the means to incorporate said ammo-
nia into the ground, said second means connected to the
first means comprising second line means connected to
the manifold and the heat exchanger means for carrying
ammonia from the manifold means to said second pas-
sage means.

12. The apparatus of claim 11 including: shut-off
valve means located in the line means connecting the
valve means with the manifold, said shut-off valve
means being operable to block the flow of liquid anhy-
drous ammonia from the valve means to the manifold.

13. The apparatus of claim 1 wherein: said means to
control the rate of flow of liquid anhydrous ammonia in
the valve means includes a butterfly valve, and means to
adjust the position of the butterfly valve to. change the
rate of flow of liquid anhydrous ammonia through said
valve means.

14. The apparatus of claim 13 wherein: said means to
adjust the position of said butterfly valve means in-
cludes a gear head motor, and means operable to con-
trol the operation of said gear head motor.

15. The apparatus of claim 1 wherein: said valve
means includes means to sense the flow rate of liquid
anhydrous ammonia flowing through said valve means,
and means to provide visual data as to the sensed flow
rate of liquid anhydrous ammonia flowing through said
valve means.

16. An apparatus for use with an implement having
means to incorporate anhydrous ammonia into the soil
and a tank for storing liquid anhydrous ammonia to
control the rate of application of anhydrous ammonia
into the soil comprising; heat exchanger means having
first passage means for carrying liquid anhydrous am-
monia and second passage means separated from the
first passage means for carrying anhydrous ammonia,
line means connecting the heat exchanger means to the
tank to provide a supply of liquid anhydrous ammonia
to said-first passage means, first means to carry liquid
anhydrous ammonia from the heat exchanger means to
the means to incorporate said ammonia into the ground,
second means connected to the first means for carrying
part of said ammonia to said heat exchanger means and
delivering said ammonia to the second passage means,
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said ammonia in said second passage means at least
partially changing from a liquid to a vapor; thereby
lowering the temperature of the ammonia in the second
passage means and transferring heat from the ammonia
in the first passage means to said ammonia in the second
passage means SO as to maintain the ammonia in the first
passage means in a liquid state, and means to carry said
ammonia from the second passage of the heat exchanger
means to means to mcorporate said ammonia mto the
soil.

17. The apparatus of claim 16 wherem: said heat
exchanger means has an outer tubular casing and a pair
of sleeves located within said casing, said sleeves being
spaced from each other to form said second passage
means, said first passage means being formed: by the
casing and said sleeves.

‘18, The apparatus of claim 16 wherein: said heat
exchanger means has an outer tubular casing having
first and second ends, a first end member mounted on
the first end -of the casing, a second end member
mounted on the second end of the casing, first and sec-
ond sleeves located within said casing, said -second
sleeve being spaced from the first sleeve to provide said
second passage means, said casing and first and second
sleeves providing said first passage means, and means
securing the end members to the casing and first and
second sleeves.

19. The apparatus of claim 18 wherein: said first pas-
sage means compnses a cylindrical passage located
between the outer casing and the first sleeve and a cen-
tral passage surrounded by the second ‘sleeve, and said
second end member having a transfer passage connect-
ing the cylindrical passage with the central passage.

20. The apparatus of claim 19 wherein: said first end
member has an inlet port open to the cylindrical passage
to allow the liquid anhydrous ammonia to flow into the
cylindrical passage and an outlet port open to the cen-
tral passage whereby the liquid anhydrous ammonia
flows through the cylindrical passage, transfer passage,
and central passage, and a second inlet port in the first
end member open to the second passage means between
the sleeves and a second outlet port and the second
member open to the second passage means between the
sleeves whereby anhydrous ammonia flows through the
second passage means and heat is transferred from the
ammonia in the first passage means to the ammonia in
the second passage means, thereby cooling said ammo-
nia in the first passage means.

21. The apparatus of claim 19 wherein: said means
securing the end members to the casing includes a rod
located in the central passage, and means securing the
rod to the end members.

22. The apparatus of claim 18 wherein: the casing has
an elongated cylindrical wall, said sleeves being cylin-
drical sleeves located concentrically with respect to
said cylindrical wall.

23. The apparatus of claim 22 wherein: said first and
second end members have annular shoulders, said
sleeves having ends engageable with said annular shoul-
ders to support the sleeves on the end members.

24. The apparatus of claim 23 wherein: said means
securing the end members to the casing and sleeves
include a rod located in the central passage, means
securing the rod to the end members to hold the sleeves
in engagement with said annular shoulders.

25. The apparatus of claim 16 including: shut-off
valve means located in the line means connecting the
heat exchanger means to the tank operable to cut off the
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supply of liquid anhydrous ammonia to said heat ex-
changer means.

26. The apparatus of claim 16 wherein: said first
means to carry liquid anhydrous ammonia from the heat
exchanger means includes a manifold, first line means
connected to the manifold for carrying liquid anhy-
drous ammonia to the manifold and second line means
connected to the manifold to carry liquid anhydrous
ammonia to the means to incorporate said ammonia into
the ground, said second means connected to the first
means comprising second line means connected to the
manifold and the heat exchanger means for carrying
ammonia from the manifold means to said second pas-
sage means.

27. The apparatus of claim 26 including: shut-off
valve means located in the first line means connecting
the valve means with the manifold, said shut-off valve
means being operable to block the flow of liquid anhy-
drous ammoma from the heat exchanger means to the
manifold. ‘

28. A heat exchanger for cooling a first fluid with a
second fluid having a temperature lower than the first
fluid comprising: an outer’ tubular casing having first
and second ends, a first end member mounted on the
first end of the casing, a second end member mounted
on the second end of the casing, a first sleeve, a second
sleeve located within the first sleeve, said second sleeve
being spaced from the first sleeve to provide a chamber
between said first and ‘second sleeves, said first and
second sIeeves béing located within the casing .to pro-
vide a cyhndncal passage and a central passage, means
securing the end members to the casing and first and
second sleeves, said second end member having a trans-
fer passage connecting the cylindrical passage with the
central passage, said first end member having a first
inlet port open to the cylindrical passage to allow the
first fluid to flow into the cylindrical passage and an
outlet port open to the central passage whereby the first
fluid flows through the cylindrical passage, transfer
passage, and central passage, and a second inlet port in
the first end member open to the chamber between the
sleeves and a second outlet port in the second end mem-
ber open to the chamber whereby second: fluid flows
through the chamber and heat is transferred from the
first fluid to the second fluid located in the cylindrical
passage and central passage, thereby cooling said sec-
ond fluid.

29. The heat exchanger of claim 28 wherein: said
means securing the end members to the casing and
sleeves includes a rod located in the central passage, and
means securing the rod to the end members.

30. The heat exchanger of claim 28 wherein: the cas-
ing has an elongated cylindrical wall, said sleeves being
cylindrical sleeves located concentrically with respect
to said cylindrical wall.

31. The heat exchanger of claim 28 wherein: said first
and second end members have annular shoulders, said
sleeves having ends engageable with said annular shoul-
ders to support the sleeves on the end members.

32. The heat exchanger of claim 31 wherein: said
means securing the end members to the casing and
sleeves include a rod located in the central passage,
means securing the rod to the end members to hold the
sleeves in engagement with said annular shoulders.

*33. The heat exchanger of claim 28 wherein: said first
fluid is liquid anhydrous ammonia and said second fluid
is anhydrous ammonia, said second fluid in said cham-
ber changing from a liquid phase to a vapor phase
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whereby the temperature thereof is reduced and the
first fluid is cooled.

34. An apparatus for controlling and measuring the
rate of flow of liquid anhydrous ammonia from a tank
for storing liquid anhydrous ammonia to a desired loca-
tion comprising: heat exchanger means having first
passage means for carrying liquid anhydrous ammonia
and second passage means separated from the first pas-
sage means for carrying anhydrous ammonia, said heat
exchanger means having an outer tubular casing and
sleeve medns located within said casing, said sleeve
means forming said second passage means, said first
passage means being formed by the casing and said
sleeve means, line means connecting the heat exchanger
means to the tank to provide a supply of liquid anhy-
drous ammonia to said first passage means, valve means
connected to the heat exchanger to receive liquid anhy-
drous ammonia from the first passage means of the heat
exchanger, said valve means having means to control
the rate of flow of liquid anhydrous ammonia and means
to sense the rate of flow of liquid anhydrous ammonia
from the heat exchanger, first means to carry controlled
flow of liquid anhydrous ammonia from the valve
means to the desired location, second means connecied
to the first means for carrying part of said ammonia to
said heat exchanger means and delivering said ammonia
to the second passage means, said ammonia in said sec-
ond passage means at least partially. changing from a
liquid to a vapor, thereby lowering the temperature of
the ammonia in the second passage means and transfer-
ring heat from the ammonia in the first passage means to
said ammonia in the second passage means $o as, to
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maintain the ammonia in the first passage means in a
liquid state, and means to carry said ammonia from the
second passage of the heat exchanger means to a desrred
location.

35. The apparatus of claim 34 wherein: said outer
tubular casing has first and second ends, a first end
member mounted on the first end of the casing, a second
end member mounted on the second end of the casing,
said sleeve means located within said casing between
said end members, and means securing the.end members
to the casing and sleeve means.

36. The apparatus of claim 35 wherein: said first pas-
sage mcans comprises a cylindrical passage located
between the outer casing and the sleeve means and a
central passage surrounded by the sleeve means, and
said second end member having a transfer passage con-
necting the cylindrical passage with the central passage.

37. The apparatus of claim 34 wherein: said means to
control the rate of flow of liquid anhydrous ammonia in
the valve means includes a butterfly valve, and means to
adjust the position of the butterfly valve to change the
rate of flow of liguid anhydrous ammonia through said
valve means.

38. The apparatus of claim 36 wherein: said means to
adjust the position of said butterfly valve means in-
cludes a gear head motor, and means operable to con-
trol the operation of said gear head motor.

39. The apparatus of claim 34 including: means to
prov1de visual data as to the sensed flow rate of liquid

anhydrous ammoma flowing through saxd valve means.
* * * * *



